Creatine is a nitrogenous organic acid which supplies energy to body cells and enhances physical performance. Using the Young Finns Study combined with the Finnish Linked employer-employee data we show that quantities of creatine measured in 1980 prior to labour market entry affect entrepreneurial success as measured by capital income accumulation over the period 1993-2010 (in particular for females). However, we do not find evidence that creatine affects the propensity to become an entrepreneur. Our study contributes to the emerging literature on biomarkers and entrepreneurship.
Introduction
Occupational choice theory presumes that people become an entrepreneur if the total expected utility derived from entrepreneurship is higher than the utility they expect to derive from their best alternative employment option (Taylor 1999; Parker 2009 ). Utility entails more than income-entrepreneurs have, on average, a lower and more volatile income than people in paid employment (Hamilton 2000) -and includes utility derived from non-monetary factors such as independence and initiative (Taylor 1996) . Individuals are thought to make an occupational decision in which the fit between an individual's characteristics and the job requirement is such that it results in the highest expected utility (Kristof-Brown et al. 2005) .
There is a growing trend within entrepreneurship research to bring biological factors into these models of occupational choice. For example, some studies find that psychological traits such as narcissism (Mathieu and St-Jean 2013) , Attention Deficit Hyperactivity Disorder (Verheul et al. 2015) , and dyslexia (Hessels et al. 2014 ) are more prevalent amongst entrepreneurs. Other studies incorporate direct body-markers such as genes (Nicolaou et al. 2008 ; Van der Loos et al. 2013a, b) , hormones (White et al. 2006 ; Van der Loos et al. 2013a, b; Greene et al. 2014 ) and height (Rietveld et al. 2015) in models of occupational choice. The current paper contributes to this emerging strand of empirical research by investigating the potential role of creatine in the decision to become an entrepreneur and its influence on being a successful entrepreneur. There are no earlier studies investigating this relationship.
Creatine is a nitrogenous organic acid which supplies energy to body cells. It enhances physical performance, for example in high-intensity exercise (Wyss and Kaddurah-Daouk 2000) , and improves mental ability and cognition (Rae et al. 2003; Allen 2012) . Therefore, greater effort intensity may result in labour market outcomes in which great effort is needed and rewarded as creatine reduces (increases) the costs (returns) to effort. For example, creatine has been linked to total income, earnings and employment years (Böckerman et al. 2014) . Entrepreneurship is associated with high social status in many countries (Kelley et al. 2011 ) and typically requires greater physical effort than working as an employee (Buttner 1992; Stephan and Roesler 2010) . Thus, high levels of creatine may be particularly valuable in pursuing an entrepreneurial occupation and also partly explain entrepreneurial success.
Creatine has also been linked to the Big Five personality traits (Ryman et al. 2011) . The Big Five dimensions associated with increased levels of creatine in certain parts of brain overlap with those associated with entrepreneurship. Creatine is positively associated with Conscientiousness and negatively with Agreeableness, Extraversion, and Neuroticism. A recent literature review indicated that entrepreneurship and entrepreneurial performance is also positively associated with Conscientiousness and negatively with Neuroticism (Brandstätter 2011) . Entrepreneurship is also negatively associated with Agreeableness. However, Extraversion is negatively associated with entrepreneurship and entrepreneurial performance. Other studies have found that higher Conscientiousness, lower Agreeableness and lower Neuroticism are associated with better labour market success in terms of earnings, job performance and employment (Heineck 2010; Almlund et al. 2011; Uysal and Pohlmeier 2011; Nandi and Nicoletti 2014) . However, Extraversion seems to be positively associated with better labour market performance (Nandi and Nicoletti 2014) . These studies lead us to expect a positive association between creatine and entrepreneurship.
Materials and methods

Sample
In 1980, 4320 children in six age cohorts (aged 3, 6, 9, 12, 15, and 18) were invited to participate in the Cardiovascular Young Finns Study (YFS). These children were randomly chosen from the population register in order to obtain a representative sample of Finnish children. The participants originated from five Finnish university regions and 3596 of the invited children participated eventually in the study (Raitakari et al. 2008) . The aim of the study was to investigate how childhood lifestyle, biological, and psychological factors contribute to the risk of cardiovascular diseases in later life. Data have been collected through questionnaires, physical measurements and blood tests. The anthropometric measures are obtained during professional health examinations at local health centers.
Entrepreneurship measures
The YFS data are linked to Statistic Finland's Finnish Longitudinal employeremployee data (FLEED) to obtain information about involvement in entrepreneurship (self-employment status) and entrepreneurial success (capital income). The employment statistics record the exact labour market status during the last week of each year. Self-employment status is available for the period 1990-2010. A person is defined as an entrepreneur if the person has been self-employed at least once during the period 1990-2010. 1 Self-employment is the most often used proxy for entrepreneurship in empirical research (Parker 2009 ). All other participants that have been at least one 1 In Sect. 3 we present robustness checks in which more strict measures for entrepreneurship are used.
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year in wage-work are defined as non-entrepreneurs (a small number of people who were never self-employed or employed were excluded from the analysis).
Entrepreneurial success is measured by the logarithm of average capital income. In 1993, Finland adopted a dual tax system (Kanniainen et al. 2007 ) where total income is divided into earned income and capital income (e.g. dividends, rental income, interest receipts, realized capital gains). Earned income is taxed under the progressive scale and capital income is taxed applying a flat rate. Entrepreneurial personal income from unlisted companies is divided into earned income and capital income by using a specific split rule that defines the maximum amount that can be allocated to capital income. The split rule is based on enterprise's net assets: higher net assets per share allow a higher share earmarked as capital income. Capital income is a useful metric for entrepreneurial success for two related reasons. First, the top marginal tax rates of earned income exceed the flat capital tax rate by a large margin. Thus, entrepreneurs with relatively high income have an economic incentive to transform entrepreneurial income into capital income to minimize the total amount of tax paid. As a result, capital income has a much larger variation than entrepreneurial income which makes it easier to identify the model. Second, capital income is a useful indicator of success, because the amount of capital income share is based on net wealth. As a result, successful entrepreneurs have more possibilities to withdraw capital income. To obtain a consistent time-series for capital income, we use capital income for the years 1993-2010, covering the period after Finland adopted a dual income taxation system. The long-term measure of capital income smoothes out yearly fluctuations, because capital gains are typically realized in a lumpy fashion. Capital income is measured in euros and deflated using the consumer price index (base year 2000).
Creatine
The YFS measured the amount of urine creatinine of the participants in 1980. Creatinine is the most important breakdown product of creatine and is considered to be a good proxy for creatine. The amount of creatinine was measured using standard urine drug tests, based on the Jaffe method (Delanghe and Speeckaert 2011) . In the analyses creatinine is log-transformed. Some athletes use creatine as performance enhancing supplement (Wyss and Kaddurah-Daouk 2000) , but this performance enhancing effect of creatine was not known in 1980 when creatine measurements in our sample were taken.
Covariates
For educational achievement we use an indicator for those who have obtained tertiary education (based on data from Statistics Finland on the highest obtained degree in 2010). Height and body fat were collected in 1980 and are standard biomarkers commonly used in empirical labour market research and therefore included in the regressions. To control for parental background we linked the YFS to the Longitudinal Population Census of Statistics Finland. As family background variables we use a binary variable indicating whether the mother and/or father was self-employed based on the information on their income from self-employment in 1980, and the parent's (log) total taxable annual income in 1980. In addition, gender, cohort and birth month indicators are included in the regressions.
Statistical analyses
We explain self-employment (over the years 1990-2010) and capital income (over the years 1993-2010) by the amount of creatine proxied by urine creatinine measured in 1980 using ordinary least squares (OLS) estimation. Because creatine has been measured before labour market entry, we can exclude the possibility that occupational status has influenced the levels of creatine in the body in 1980. Heteroskedasticity robust standard errors are used in all model specifications.
Results
The descriptive statistics for the participating individuals are reported in Table 1 . Our sample consists of 3188 individuals of which 17 % were registered as self-employed at least once during 1990-2010. Involvement in self-employment is higher among males (19 %) than among females (15 %). The average annual capital income in 1993-2010 is 814.97 euros in the total sample, and 1103.84 and 522.83 euros amongst males and females, respectively. The regression results for self-employment are shown in Table 2 . Creatine is neither significantly associated with self-employment in the main model specification (model 1), nor in the specification including controls for education and family background (model 2). Similar results are found for females (model 3 and 4) and males (model 5 and 6). We repeated the analyses reported in Table 2 using two other (more strict) measures for entrepreneurship. First, we used the share of years in self-employment. Second, we defined someone to be self-employment if (s)he had been at least five years in self-employment. In both cases, the regression coefficient for self-employment is close to zero and insignificant in all specifications.
The regression results for capital income are shown in Table 3 . Creatine measured in childhood is positively associated with capital income in the regression amongst females and males (model 1). One standard deviation increase from the mean level of creatine is associated with a 10.7 % increase in capital income. Because the average level of annual capital income in the period 1993-2010 was 814.97 euros, this converts to an increase of ∼87 euros per year. 2 The association remains significant after including controls for university education and parental income (model 2). These results alleviate the concern that factors such as inheritances (which are included in the measure for capital income) confound the estimated relationship between creatine and capital income. In the latter model an increase of 1 % in the level of creatine increases capital income by 0.2 %, ceteris paribus. Models 3-6 show that the positive association between creatine and capital in the pooled females and males sample is largely driven by the subsample of females. The regression coefficient for creatine amongst females is positive and significant, but positive and insignificant amongst males.
We also performed the regressions for the subsample of the entrepreneurs. The regression results are shown in Table 4 . In this model specification the regression coefficient for creatinine was 0.46, which is higher compared to the one in total sample (0.24). Although the coefficient was statistically significant only at the 11 % level, most likely because of substantially smaller sample size (N = 536), the result implies that the positive connection between creatine and capital income is pronounced among entrepreneurs and that creatine is related to entrepreneurial success. Again, the association between creatine and capital income is only significant for females and it remained significant after including parental income as control variable.
As a robustness check, we reran all regressions with control variables for meat and fish intake in 1980, because these may be confounding factors in the relation between creatine and entrepreneurship (Allen 2012) . These analyses were based on somewhat smaller subsamples because of data availability, but the results (available upon request from the authors) are in line with the findings reported here.
Table 2
Ordinary least squares regression results explaining ever self-employed The table reports the OLS coefficients and heteroskedasticity robust standard errors in parentheses. All models include cohort and birth month dummies, and models (1) and (2) include gender dummies Significant at * 10 %, ** 5 %, and *** 1 % level 123 Table 3 Ordinary least squares regression results explaining capital income The table reports the OLS coefficients and heteroskedasticity robust standard errors in parentheses. All models include cohort and birth month dummies, and models (1) and (2) include gender dummies Significant at * 10 %, ** 5 %, and *** 1 % level Table 4 Ordinary least squares regression results explaining capital income (subsample of entrepreneurs) The table reports the OLS coefficients and heteroskedasticity robust standard errors in parentheses. All models include cohort and birth month dummies, and models (1) and (2) include gender dummies Significant at * 10 %, ** 5 %, and *** 1 % level 123 4 Discussion and conclusion
The empirical results using a longitudinal research design show that quantities of creatine measured in 1980 prior to labour market entry do not affect the propensity to become self-employed. However, they do affect entrepreneurial success as measured by capital income accumulation over the period 1993-2010. The latter result is only statistically significant for females, although the regression coefficient for males is also positive. The gender difference is not statistically significant ( p = 0.49) and the insignificance of the regression coefficient for males could be due to the relatively small sample size in the gender stratified analyses. This finding could, however, suggest that success in entrepreneurship is more related to effort for females than for males. Several reasons can account for the absence of a significant association between creatine and entrepreneurship. One of them is that our data do not allow us to distinguish between different start-up motivations of entrepreneurs. The entrepreneurship literature distinguishes entrepreneurs that start their business out of opportunity motives from those that start their business due to the lack of other employment opportunities (Reynolds et al. 2005) . It is plausible that the inclusion of "necessity" entrepreneurs in our entrepreneurship measure weakens the link between creatine and being an entrepreneur. Register-based data do not permit us to make the distinction between these two types of entrepreneurship. However, our robustness check in which we used two different (more strict) measures for entrepreneurship confirmed our main findings.
In conclusion, using a large Finnish population-based sample, we do find evidence to support the hypothesis that creatine is associated with entrepreneurial success but it does not affect the propensity to become self-employed. Our findings for capital income are in line with (Böckerman et al. 2014 ) who show that creatine influences total income, earnings and employment years. Our findings for capital income-as our measure of entrepreneurial success-fit well with Böckerman et al's findings and the reasoning that creatine can affect performance and thus enhance labour market rewards. These findings contribute to our understanding of entrepreneurial success and enhance the emerging literature on the relation between biomarkers and entrepreneurship.
